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Abstract: A distributed feedback (DFB) fiber laser with a ratio of the backward to forward output 
power of 1:100 was composed by a 45-mm-length asymmetrical phase-shifted fiber grating 
fabricated on the 50-mm erbium-doped photosensitive fiber. Forward output laser was amplified 
using a certain length of Nufern EDFL-980-Hp erbium-doped fiber to absorb the surplus pump 
power after the active phase-shifted fiber grating and get population inversion. By using OptiSystem 
software, the best fiber length of the EDFL to get the highest gain was simulated. In order to keep the 
amplified laser with the narrow line-width and low noise, a narrow-band light filter consisting of a 
fiber Bragg grating (FBG) with the same Bragg wavelength as the laser and an optical circulator was 
used to filter the amplified spontaneous emission (ASE) noise of the out-cavity erbium-doped fiber. 
The designed laser structure sufficiently utilized the pump power, and a DFB fiber laser with the 
32.5-mW output power, 11.5-kHz line width, and –87-dB/Hz relative intensity noise (RIN) at    
300 mW of 980 nm pump power was brought out. 
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1. Introduction 
Distributed feedback fiber laser (DFB-FL) is a 
kind of laser consisting of a single phase shifted 
fiber grating directly writing in the rare earth doped 
fiber, depending on the narrow bandwidth, low noise, 
and stable single-mode operation, and it has the 
important application value as high sensitivity 
sensors in the acoustic, vibration signal detection 
technologies [1, 2]. Nevertheless, due to the very 
short cavity length and not enough high rare earth 
ions concentration, the output power of the DFB-FL 
is small, which makes it obvious that it cannot fully 
meet the requirements of applications such as 
coherent detection, laser radar, despite with the 
coherence length of a few hundred kilometers. The 
use of the Er/Yb co-doped fiber [3] and master 
oscillator power-amplifier (MOPA) structure [4] is 
an effective method to improve the fiber laser 
conversion efficiency. Considering the gain fiber of 
the DFB-FL is very short and the vast majority of 
the pump’s power will not be absorbed, a 
self-amplification structure DFB-FL was designed. 
Without the additional pump source, only a suitable 
length erbium-doped fiber connected on the fore-end 
of the DFB-FL was used to absorb the residual 
pump power and achieve population inversion, so 
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the forward output laser would be amplified. In 
order to keep the amplified laser with the narrow 
line-width and low noise, a narrow-band light filter 
consisting of a fiber Bragg grating (FBG) with the 
same Bragg wavelength of the laser and an optical 
circulator was used to filter the amplified 
spontaneous emission (ASE) noise of the out-cavity 
erbium-doped fiber. Finally, a 30-mW DFB-FL with 
the narrow linewidth and low noise was employed. 
2. Experiment and discussion 
2.1 Fabrication of asymmetric structure DFB-FL 
The phase-shifted fiber Bragg grating (PS-FBG) 
is the core device of the DFB-FL. There are a 
variety of its fabrication methods, such as the 
shielding method and double exposure method, and 
we adopted the phase mask moving method [5] to 
make a more accurate PS-FBG in an asymmetric 
structure. It had the structure with a 45-mm grating 
length on a 50-mm Nufern PS-ESF-3/125 
photosensitive erbium-doped fiber as shown in Fig. 1. 
In order to improve the one-way output laser, the 
phase shift was introduced in the 0.4 Lg position, the 
transmission window wavelength of the 
phase-shifted grating was 1536.1 nm, and the grating 
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Fig. 1 Structure of the asymmetric DFB-FL. 
Using the 980-nm laser diode (LD) as the pump 
source, the pump input from the far-end from phase 
shift point, the output power, and the residual pump 
power are shown in Fig. 2. It can be seen that the 
ratio of the backward to forward output power was 
over 1:100, and the laser had the good one-way 
output. The forward laser power was about 320 μW 
at the 300-mW pump, the slope efficiency was 
above 0.1%, and the surplus pump power through 
the PS-FBG still reached 200 mW. Using the null 
method of measurement as shown in Fig. 3, the 
DFB-FL’s linewidth and relative intensity noise 
(RIN) delay were 6.7 kHz and –102 dB/Hz, the laser 
signal-to-noise ratio was 65 dB, and the data are 
collected in Table 1 for the further discussion. 
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Fig. 3 Setup of linewidth measurement with null method. 































2.2 Amplification of erbium-doped fiber length 
optimization 
The DFB-FL cannot make full use of the pump, 
and if adding a certain length erbium-doped fiber 
out-cavity, an Erbium doped fiber amplifier (EDFA) 
can be formed to amplify the laser signal, as shown 
in Fig. 4. Because the signal light and pump light 
were all produced from the DFB-FL, the value of 
the power corresponded to the forward laser power 
and the residual pump power at the certain pump 
power, as shown in Fig. 2, so the signal power and 
pump power of the EDFA could not change alone, 
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but in accordance with the DFB-FL power curve. 
 
Fig. 4 Model of DFB-FL amplification. 
The simulation results of the gain of laser with 
the length of the Er-doped fiber at 100 mW, 200 mW, 
and 300 mW are shown in Fig. 5. The Er-doped fiber 
parameters accorded with the performances of 
Nufern EDFL980-Hp whose concentration of Er3+ 
was 4000 ppm. As it can be seen, the signal gain did 
not continue to grow with an increase in the 
Er-doped fiber length, but there was an optimum 
fiber length to maximize the gain. According to the 
simulation results, the optimum length of 
EDFL980-Hp to produce the maximum gain of the 
above-mentioned DFB-FL was 1.5 m, and the 
maximum gain researched 25 dB based on the 
320-μW laser single power at a pump power of  
300 mW. 
 
Fig. 5 Gain changes with the fiber length. 
2.3 Amplification and filter structure of DFB-FL 
According to the simulation results, using the 
1.5-m Nufern EDFL980-Hp fiber as the out-cavity 
gain fiber of the DFB-FL, in order to eliminate the 
influence of ASE of the erbium doped fiber on the 
laser performance, a filter consisting of an FBG with 
the same Bragg wavelength of the laser and an 
optical circulator was used. The diagram of the 
DFB-FL which had the structure of self- 
amplification and the filter is shown in Fig. 6, in 
which the FBG and PS-FBG were placed in the 
same block heat sink, the FBG had the reflection 
bandwidth of 0.2 nm, side mode suppression of   














Fig. 6 Structure of the self-amplification DFB-FL. 
The power curve and spectrum before and after 
filtering measured at P1 and P2 are shown in Figs. 7 
and 8, respectively. Compared to the original 
DFB-FL, the laser slope efficiency increased 
significantly after being amplified by the out-cavity 
Er-doped fiber. The output laser power reached  
45.5 mW without filtering, more than 32.5 mW with 
filtering the ASE noise under the 300-mW pump 
power, and the slope efficiency did not have a trend 
of diminution. If continuing to improve the pump 
power, the laser output power could increase. 
Compared to the 0.32-mW original laser signal, the 
self-amplification laser achieved another gain of  
20 dB, but the value was much less than the value of 
the simulation results, and this is due to the effect of 
losses and ASE noise which were not considered in 
the model. As it can be seen in Fig. 7, the signal- 
to-noise ratio was only 50 dB without filtering, 
slightly higher than the original DFB-FL noise 
suppressed by the FBG filter. 
 
Fig. 7 Output power of the self-amplification DFB-FL. 
The linewidth and RIN of the self-amplification 
laser were 11.5 kHz and –87 dB/Hz, the linewidth 
was broadened with a 2-fold increase, and the RIN 
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decreased by 15 dB compared to the original 
DFB-FL signal, but the laser slope efficiency 
increased to 11.9% from 0.1%. Being benefited 
from an increase in the output power and the 
suppression of the background noise, the signal-to- 










Fig. 8 Laser spectra of (a) original DFB-FL, (b)P1, and  
(c) P2. 
3. Conclusions 
The narrow linewidth fiber laser is one of the 
key development directions of the fiber laser 
technology, and it will further widen the application 
field by obtaining the higher output power at the 
same time, ensuring the narrow linewidth and low 
noise characteristics. Combining the DFB-FL with 
the optical fiber amplifier, the self-amplification 
DFB-FL was designed. The one-way output 
structure of the DFB-FL provided a low noise and 
narrow linewidth laser signal, and the reasonable 
out-cavity Er-doped fiber effectively utilized the 
residual pump power and provided more gain of the 
laser signal. And the introduction of the fiber Bragg 
grating filter ensured the characteristics of the 
amplification low noise and narrow linewidth laser 
output. This provides a simple and feasible structure 
scheme for the realization of the narrow linewidth 
fiber laser with the larger power. 
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